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©  Apparatus  and  method  for  detecting  ovulation. 
©  Some  non-invasive  methods  for  determining  hormone 
levels  and  the  beginning  and  end  of  the  fertile  period  of  fem- 
ale  mammals  are  known  but  they  are  either  costly  or  unreli- 
able.  In  the  present  invention  a  cyclic  blood  flow  stimulus  is 
applied  to  a  subject  and  blood  flow  is  measured  by  means  of  a 
plethysmograph  13.  The  plethysmograph  is  connected  to  a 
frequency  analyser  14  and  the  output  of  the  analyser  is  proce- 
ssed  in  a  circuit  15  to  determine  the  extent  of  entrainment  of 
the  stimulus  frequency  in  blood  flow,  this  being  an  indication 
of  the  level  of  certain  hormones  related  to  the  fertility  cycle. 
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 S o m e   non-invasive  methods  for  determining  hormone 
levels  and  the  beginning  and  end  of  the  fertile  period  of  fem- 
ale  mammals  are  known  but  they  are  either  costly  or  unreli- 
able.  In  the  present  invention  a  cyclic  blood  flow  stimulus  is 
applied  to  a  subject  and  blood  flow  is  measured  by  means  of  a 
plethysmograph  13.  The  plethysmograph  is  connected  to  a 
frequency  analyser  14  and  the  output  of the  analyser  is  proce- 
ssed  in  a  circuit  15  to  determine  the  extent  of  entrainment  of 
the  stimulus  frequency  in  blood  flow,  this  being  an  indication 
of  the  level  of  certain  hormones  related  to  the  fertility  cycle. 



The  p resen t   inven t ion   r e l a t e s   to  appara tus   and  methods  f o r  

d a t a c t i n g   the  occurrence  of  ovu la t ion   in  humans  or  an imals .   The 

i n v e n t i o n   may  also  be  used  to  provide  an  i n d i c a t i o n   of  the  l e v e l s  

of  c e r t a i n   hormones  in  both  males  and  f e m a l e s .  

The  d e t e c t i o n   of  ovu la t ion   has  important   a p p l i c a t i o n s   f o r  

both  concept ion   and  c o n t r a c e p t i o n   but  p r e s e n t l y   a v a i l a b l e   s i m p l e  

methods  are  u n r e l i a b l e   and  d i f f i c u l t   to  use  e f f e c t i v e l y .   One 

method,  that   of  measuring  body  t empera ture   each  day,  is  u n r e l i a b l e  

because  t empera ture   va r i e s   throughout   the  day  and  v a r i e s   in  a c c o r -  

dance  with  other  f a c t o r a .  

According  to  a  f i r s t   aspect   of  the  p resen t   i n v e n t i o n   there  i s  

provided  a  method  of  d e t e c t i n g   the  onset  and/or   the  and  of  t h e  

f e r t i l e  p e r i o d   of  female  mammals  c o m p r i s i n g  

ob ta in ing   at  i n t e r v a l s   i n d i c a t i o n s   of  v a r i a t i o n s   in  a  

p h y s i o l o g i c a l   parameter   of  the  body  of  a  sub jec t   which  occur  at  a  

r a te   of,  or  a  ra te   r e l a t e d   to,  a  p rede te rmined   vary ing   s t i m u l u s ,  

the  parameter   being  one  which  is  en t r a ined   by  the  s t i m u l u s ,  

comparing  at  l eas t   one  of  the  said  i n d i c a t i o n s   with  p r e v i o u s  

said  i n d i c a t i o n a ,   or  a  measure  r e l a t e d   t h e r e t o ,   ob ta ined   i n  a  

p r e - o v u l a t i o n   i n t e r v a l   between  the  s t a r t   of  m e n s t r u a t i o n   and 

o v u l a t i o n   at  i n t e r v a l s   of  at  l e a s t   severa l   h o u r s .  

The  p h y s i o l o g i c a l   parameter   is  p r e f e r a b l y   blood  flow  b u t  

o the r   parameters   such  as  blood  p r e s s u r e ,   body  t e m p e r a t u r e ,  

t i s s u e   pH,  t i s s u e   oxygenation  and  e l e c t r i c a l   a c t i v i t y   such  a s  

d i sp l ayed   by  a  e l e c t r o c a r d i o g r a m   may  of ten  be  u s e d .  

The  i n d i c a t i o n s   given  may  for  example  be  in  the  form  of  a 

v i s u a l l y   d i sp layed   value  or  a  parameter   of  an  e l e c t r i c a l   s i g n a l .  

For  women  the  said  i n d i c a t i o n s   should  be  ob ta ined   at  i n t e r v a l s  

of  not  more  than  48  hours  (and  p r e f e r a b l y   24  hours)  and  the  s a i d  

prev ious   i n d i c a t i o n s   should  b e  o b t a i n e d   at  i n t e r v a l s   of  p r e f e r a b l y  

not  less   than  8  h o u r s .  

The  main  advantage  of  the  p resen t   i nven t ion   is  t h a t ,   at  l e a s t  

when  blood  flow  is  the  parameter ,   the  outcome  of  the  compar i son  



provides   a  reasonably   r e l i a b l e   i n d i c a t i o n   of  the  onset   of  

o v u l a t i o n   and  the  end  of  the  f e r t i l e   i n t e r v a l .  

For  humans  when  blood  flow  is  the  pa r ame te r ,   the  frequency  of  

cyc l i c   s t i m u l a t i o n   should  be  below  2  Hz  and  it   should  p r e f e r a b l y  

be  in  the  range  0.005  to  0.12  Hz.  Two  f r e q u e n c i e s   have  been  found 

to  be  p a r t i c u l a r l y   advan tageous :   0.0125  Hz  ( tha t   is  an  80  second 

p e r i o d )  a n d   0.0166  Hz  (a  60  second  p e r i o d ) .  

S t i m u l a t i o n   may  for  example  be  c a r r i e d   out  by  a r r ang ing   f o r  

the  sub jec t   to  put  one  hand  a l t e r n a t e l y   in  hot  and  cold  water  and 

the  means  for  use  i n  c a u s i n g   the  s t imulus   may  then  be  a  v i s u a l  

and/or   a u d i b l e  w a r n i n g   tha t   the  hand  should  be  moved  from  water  a t  

one  t empera ture   to  water  at  the  other  t e m p e r a t u r e .   A l t e r n a t i v e l y  

s t imulus   may  be  provided  by  r e q u i r i n g   the  s u b j e c t   to  take  a  deep 

brea th   each  time  the  v i s u a l   or  audib le   s igna l   is  given.  P r e f e r a b l y  

the  appara tus   i n c l u d e s   means  for  a p p l y i n g  t h e   c y c l i c   s t imulus  and 

the  s t imulus   may  for  example  be  t empera ture   change,  p r e s s u r e  

change  or  mild  e l e c t r i c   shock.  Visual  or  aud ib le   s t i m u l i   may  a l s o  

be  found  to  be  e f f e c t i v e .   In  the  p r e f e r r e d   a r rangement   the  s t i m u l u s  

is  appl ied   to  one  hand  and  blood  flow  is  measured  in  a  f inger   o f  

the  other   hand.  P r e f e r a b l y   means  for  moni to r ing   the  a p p l i e d  

s t imulus   are  also  p r o v i d e d .  

The  said  v a r i a t i o n s   in  blood  flow  may  be  ob ta ined   at  t h e  

hear t   beat  f requency  when  the  hear t   can  be  r egarded   as  providing  a  

cyc l i c   s t imulus .   As  an  a l t e r n a t i v e   r e s p i r a t i o n   may  be  regarded  as  

p rov id ing   a  s t i m u l u s .  

Research  c a r r i e d   out  on  Raynaud's  phenomenon  ( L a f f e r t y ,  

de  T r a f f o r d ,   Roberts  &  Cotton,   B r i t i s h   Medical  J o u r n a l ,  

8  January  1983,  286,  90-92)  and  the  human  vasomotor  c o n t r o l  

system  (de  T ra f fo rd ,   L a f f e r t y ,   Kitney,  Cotton  &  Rober t s ,   IEE  P r o c . ,  

Vol.  129,  Part  A,  No.  9 ,   December  1982,  pages  646  to  650)  e x p l a i n  

that   when  a  pe r iod i c   thermal   s t imulus   is  app l i ed   to  one  hand  t h e  

normal  spontaneous  v a r i a t i o n s   in  the  blood  flow  in  the  other  hand 

may  be  suppressed  and  r ep laced   by  s t rong  o s c i l l a t i n g   v a r i a t i o n s  

occu r r ing   at  the  same  f requency  as  the  s t imu lus .   This  phenomenon 
is  c a l l ed   en t ra inment   and  occurs  when  a  s t imulus   is  appl ied  to  a n  

o s c i l l a t i n g   system  at  a  f requency  approaching  i t s   n a t u r a l   r e s o n a n t  



f r equency .   The  present   i nven to r s   have  d i scovered   that   there   is  a 

v a r i a t i o n   of  en t ra inment   at  the  onset  of  o v u l a t i o n   and  also  w i t h  

the  c o n c e n t r a t i o n   of  c e r t a i n   hormones  i nc lud ing   oe s t rogen   and 

p r o g e s t e r o n e .  

According  to  a  second  aspect   of  the  i n v e n t i o n   the re   i s  

provided  appara tus   for  d e t e c t i n g   the  onset  and/or   the  end  of  t h e  

f e r t i l e   per iod  of  female  mammals  c o m p r i s i n g  

means  for  providing  a  s igna l   r e p r e s e n t a t i v e   of  v a r i a t i o n s   i n  

a  p h y s i o l o g i c a l   parameter   of  the  body  of  a  sub jec t   at  a  ra te   o f ,  

or  a  ra te   r e l a t e d   to,  v a r i a t i o n s   in  a  p rede te rmined   s t i m u l u s ,   t h e  

parameter   being  one  which  is  en t r a ined   by  the  s t i m u l u s ,  

means  for  s t o r i n g   the  said  s igna l s   wi thin   the  a p p a r a t u s   f o r  

at  l e a s t   s eve ra l   hours,   and 

means  f o r  a l l o w i n g   comparison  of  the  s to red   s i g n a l s   t o  

determine   any  d i f f e r e n c e s   s i g n i f i c a n t   in  r e l a t i o n   to  the  f e r t i l e  

period  to  be  d e t e c t e d .  

According  to  a  t h i rd   aspect   of  the  i n v e n t i o n   the re   i s  

provided  appara tus   for  d e t e c t i n g   the  onset  and/or   end  of  t h e  

f e r t i l e   per iod   of  female  mammals,  c o m p r i s i n g  

means  for  providing  a  s igna l   r e p r e s e n t a t i v e   of  v a r i a t i o n s   i n  

a  p h y s i o l o g i c a l   parameter   of  the  body  of  a  sub jec t   which  is  e n t r a i n e d  

by  a  p rede te rmined   varying  s t i m u l u s ,  

i n d i c a t o r   means  for  de te rmin ing   a  f u r t h e r   parameter   giving  an  

i n d i c a t i o n   of  the  magnitude  of  any  component  of  the  said  s i g n a l  

at  the  ra te   of,  or  at  a  ra te   r e l a t e d   to,  v a r i a t i o n s   in  the  s t i m u l u s .  

If  the  i n d i c a t i o n   is  v i s u a l ,   it  can  be  remembered  or  w r i t t e n  

down  da i ly   for  comparison  with  previous   va lues ,   taken  dai ly   a f t e r  

m e n s t r u a t i o n   and  before  o v u l a t i o n ,   in  order  to  determine  t h e  

beginning   or  end  of  the  f e r t i l e   i n t e r v a l .  

P r e f e r a b l y   however  the  appara tus   p rocesses   the  i n d i c a t i o n   t o  

provide  a  d i sp lay   i n d i c a t i n g ,   for  example,  the  onset  of  o v u l a t i o n  

and/or   the  end  of  the  f e r t i l e   i n t e r v a l .  

The  i n d i c a t o r   means  may  include  blood  flow  measurement  means,  

a  f requency  a n a l y s e r ,   a  s igna l   p rocessor   and  a  d i s p l a y .   In  o r d e r  

to  i s o l a t e   v a r i a t i o n s   in  blood  flow  at  the  frequency  of  s t i m u l a -  

t ion  the  frequency  ana lyse r   p rovides   an  i n d i c a t i o n   of  the  f low 



ampl i tude   at  f r e q u e n c i e s   wi th in   a  p rede te rmined   range  p r e f e r a b l y ,  

when  e i t h e r   of  the  above  s p e c i f i c a l l y   mentioned  f r e q u e n c i e s   a r e  

used,  over  the  range  0.005  to  0.12  Hz.  The  f requency  ana lyse r   may 
also  carry  out  the  same  o p e r a t i o n   on  the  s t imulus   which  w i l l  

u sua l ly   con t a in   other   f r e q u e n c i e s   in  a d d i t i o n   to  the  s t i m u l a t i o n  

f requency .   The  output  of  the  means  for  moni tor ing   the  a p p l i e d  

s t imulus   is  used  for  th is   p u r p o s e .  

The  p r o c e s s i n g   means  is  then  used  to  c a l c u l a t e ,   from  the  f l ow  

ampli tude  versus   frequency  spectrum,  a  bandwidth  e n t r a i n m e n t  

f a c t o r   (BWEF)  def ined  a s : -  

the  said  p o r t i o n   p r e f e r a b l y   extending  from  0.005  Hz  below  t h e  

s t i m u l a t i o n   f requency  to  0.005  Hz  above.  Changes  in  the  BWEF  i n  

response  to  an  a r t i f i c i a l   s t imulus   provide  i n d i c a t i o n s   of  t h e  

beginning  and  end  of  the  f e r t i l e   per iod  but  from  the  BWEF  a  " g a i n "  

f a c t o r   may  be  as  determined  by  the  s igna l   p r o c e s s o r   and  is  d e f i n e d  

a s : -  

This  gain  f a c t o r   is  p r e f e r a b l y   used  to  provide  an  i n d i c a t i o n   o f  

ovu la t i on   s ince   i t   is  found  to  change  by  between  40  and  100%  a t  

that   time.  At  l e a s t   two  values   of  "gain"  taken  in  the  p r e -  

o v u l a t i o n   i n t e r v a l   at  times  s epa ra ted   by  at  l e a s t   s eve ra l   h o u r s  

should  be  ob ta ined   before   o v u l a t i o n   is  p r e d i c t e d   and  e q u i v a l e n t s  

to  "gain"  d i scussed   below  should  be  t r e a t e d   in  the  same  way.  I n  

order  to  ob ta in   a  c lear   i n d i c a t i o n   of  o v u l a t i o n   "ga ins"   or  e q u i v a -  

l en ts   should  be  taken  at  l e a s t   every  48  hours  and  p r e f e r a b l y  

every  24  h o u r s .  

A  modif ied  bandwidth  en t ra inment   f a c t o r   MBWEF  may  be  used  

in s t ead   of  the  BWEF  and  is  the  same  except  the  denominator  e x c l u d e s  

the  area  under  the  por t ion   con ta in ing   the  s t i m u l a t i o n   f r e q u e n c y .  

In  both  BWEF  and  MBEF  a  harmonic  or  sub-harmonic  of  the  s t i m u l a -  

t ion   f requency  may  be  s u b s t i t u t e d   for  the  s t i m u l a t i o n   f r e q u e n c y .  



A  f u r t h e r   improvement  in  r e l i a b i l i t y   can  be  obtained  by 

using  two  s t i m u l a t i o n   f r e q u e n c i e s ,   which  may  be  the  s p e c i f i c a l l y  

mentioned  f r e q u e n c i e s   (0.0125  and  0.0166  Hz),  and  c a l c u l a t i n g   t h e  

gain  at  each  f requency .   The  summated  gain  is  def ined  by  t h e  

addi ton   of  these  two  independen t ly   c a l c u l a t e d   g a i n s .  

Reference  gains  are  obta ined  by  measurement  over  a  r e f e r e n c e  

period  which  is  most  s u i t a b l y   9  days  from  the  onset  of  m e n s t r u a t i o n .  

The  mean  value  of  the  summated  gains  over  the  r e f e r e n c e   p e r i o d  

t oge the r   with  i t s   s tandard  d e v i a t i o n   is  c a l c u l a t e d .   This  mean 

value  wil l   i d e a l l y   be  the  mean  of  at  l e a s t   six  pai rs   of  m e a s u r e -  

ments  made  on  d i f f e r e n t   d a y s .  

Upper  and  lower  r e fe rence   gains  are  defined  as  the  mean  g a i n  

value  so  obta ined  plus  the  g r e a t e r   of  a  t h r e s h o l d   value,   or  one 

s tandard   d e v i a t i o n   and  the  mean  gain  value  minus  the  g rea t e r   of  a  

t h re sho ld   value  or  one  s tandard   d e v i a t i o n ,  r e s p e c t i v e l y .   The 

t h r e s h o l d   value  may,  for  example  be,  10X  of  the  mean. 

The  onset  of  ovu la t ion   for  women  is  d e t ec t ed   when  t h e  

summated  gain  on  any  one  day  fo l lowing   day  9  exceeds  the  u p p e r  

r e f e r ence   gain  or  other   s u i t a b l e   r e f e r e n c e   t h r e s h o l d .   T h e  r e l e a s e  

of  the  ovum  is  confirmed  when  the  summated  gain  subsequent ly   f a l l s  

below  the  lower  r e f e rence   gain  (or  other   s u i t a b l e   r e f e r e n c e  

t h r e s h o l d ) .  

The  output  of  the  frequency  a n a l y s e r   may  be  t r e a t e d   in  o t h e r  

ways  to  provide  the  required   i n d i c a t i o n s ,   for  example  the  c u r r e n t  

value  of  the  BWEF  may  be  compared,  as  is  descr ibed   below,  with  a  

l imi t   based  on  the  s tandard  d e v i a t i o n   of  the  BWEF  and  i t s   mean,  o r  

using  the  "cusum"  technique  desc r ibed   "Ovula t ion:Methods   for  i t s  

P r e d i c t i o n   and  De tec t ion"   Edited  by  S.L  J e f f c o a t e ,   John  Wiley  & 

Sons,  Ltd.  Chapter  2,  pages  19  to  31.  

As  has  a l ready  been  mentioned  the  i n v e n t i o n   may  also  be 

app l ied   to  the  e s t i m a t i o n   of  c e r t a i n   hormone  l e v e l s ,   for  example 

the  oes t rogens   and  p r o g e s t e r o n e s .  

Thus  according  to  a  four th   aspect   of  the  p resen t   i n v e n t i o n  

there   is  provided  a  method  for  d e t e c t i n g   the  l eve l s   of  hormones  i n  

a  mammal  c o m p r i s i n g  



observ ing   v a r i a t i o n s   in  a  p h y s i o l o g i c a l   parameter   of  the  body 

of  a  sub jec t   which  is  en t r a ined   by  a  p rede te rmined   varying  s t i m u l u s ,  

p rov id ing   an  i n d i c a t i o n   of  the  genera l   level   of  the  p a r a m e t e r  

and/or   an  i n d i c a t i o n   of  the  magnitude  of  any  component  of  the  s a i d  

s igna l   at  a  ra te   of,  or  a  rate   r e l a t e d   to,  v a r i a t i o n s   in  t h e  

p rede te rmined   s t imu lus ,   and  

comparing  the  said  i n d i c a t i o n s   to  de tec t   any  charges  s i g n i f i -  

cant  in  r e l a t i o n   to  hormone  l e v e l .  

According  to  a  f i f t h   aspect   of  the  p r e sen t   inven t ion   there   i s  

provided  appara tus   for  d e t e c t i n g   the  l eve l s   of  hormones  in  a  

mammal  c o m p r i s i n g  

means  for  p rov id ing   a  s igna l   r e p r e s e n t a t i v e   of  v a r i a t i o n s   i n  

a  p h y s i o l o g i c a l   parameter   of  the  body  of  a  sub jec t   which  is  e n t r a i n e d  

by  a  p rede te rmined   varying  s t i m u l u s ,  

means  for  p rov id ing   an  i n d i c a t i o n   of  the  magnitude  of  t h e  

genera l   level   of  the  said  s igna l   and/or   the  magnitude  of  any 

component  of  the  said  s igna l   at  a  r a t e   of,  or  at  a  ra te   r e l a t e d  

to,  v a r i a t i o n s   in  the  p rede te rmined   s t i m u l u s ,  

means  for  s t o r i n g   the  said  i n d i c a t i o n s   wi th in   the  a p p a r a t u s ,  
and 

means  for  p rov id ing   an  output  by  comparing  i n d i c a t i o n s  

r e l a t i n g   to  d i f f e r e n t   t i m e s .  

Embodiments  of  the  i nven t ion   are  now  d e s c r i b e d ,   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

Figure  1  shows  a  block  diagram  of  appara tus   according  to  t h e  

i n v e n t i o n ,  

Figure  2  is  an  ampli tude  versus   f requency  spectrum  for  s t i m u -  

l a t i o n   and  blood  flow  r e s p o n s e ,  

Figure  3  is  a  frequency  spectrum  usefu l   in  exp la in ing   BWEF, 

Figure  4  is  a  graph  of  "gain"  versus   f requency  at  o v u l a t i o n  

and  other  t i m e s ,  

Figure  5a  shows  a  s t imulus  waveform,  

Figures  5b ,  5c ,   5d  and  5e  show  r e s u l t i n g   blood  flow  waveforms 

in  a  t yp i ca l   sub jec t   on  days  9,  14,  15  and  16  a f t e r   the  s t a r t   of  

m e n s t r u a t i o n ,   r e s p e c t i v e l y ,  



Figure  6  is  a  block  diagram  of  a  f requency  ana lyse r   which  may 
be  used  in  the  appara tus   of  Figure  1, 

Figure  7  is  a  flow  diagram  of  an  a l go r i t hm  which  may  be 

employed  by  the  p rocesso r   of  Figure  1, 

Figure  8  is  a  flow  diagram  of  another   a lgor i thm  which  may  be 

employed  by  the  p rocesso r   of  Figure  1  to  i n d i c a t e   p r o g e s t e r o n e  

l eve l ,   and 

Figure  9  is  a  block  diagram  of  an  a l t e r n a t i v e   embodiment  of  

the  i n v e n t i o n .  

In  Figure   1  a  t h e r m i s t o r   10  is  s t r apped   to  a  f inger   11  o f  

one  hand  of  a  sub jec t   and,  to  provide  a  s t imu lus ,   th i s   hand  i s  

a l t e r n a t e l y   immersed  in  hot  and  cold  water   at  t y p i c a l l y   43°C 

and  15°C,  r e s p e c t i v e l y ,   at  a  steady  r a t e .   The  ra te   is  s i g n a l l e d  

to  the  sub jec t   by  a  system  of  f l a s h i n g   l i g h t s   6  and  7  t o g e t h e r  

with  a  l o w - i n t e n s i t y   audible   alarm  8.  The  l i gh t   7  which  has  one 

colour  is  swi tched  on  alone  when  the  hand  is  to  be  immersed  in  h o t  

water  and  the  l i g h t   8  which  has  another   colour  is  switched  on 

alone  when  the  hand  is  to  be  immersed  in  cold  water .   The  a u d i b l e  

alarm  8  i n d i c a t e s   a  change  from  one  to  the  o the r .   Two  f r e q u e n c i e s  

of  s t i m u l a t i o n   are  used  in  r e s p e c t i v e   i n t e r v a l s   separa ted   by  a 

res t   pe r iod ,   the  f i r s t   frequency  having  a  per iod  of  60  seconds  and 

the  second  having  a  per iod  of  80  seconds.   If  an  automat ic   s t i m u l u s  

is  p r e f e r r e d   then  means  for  p rovid ing   th i s   s t imulus   9  (shown  by 

broken  l i ne s )   is  a t t ached   to  the  f i n g e r   11.  Such  s t i m u l a t i o n  

means  may  inc lude   a  hea te r   having  low  thermal   i n e r t i a   and/or   a 

P e l t i e r   device .   While  improved  s t i m u l a t i o n   is  provided  if   t h e  

hand  or  f i nge r   is  sub jec t   to  t empera tu re s   above  and  below  ambien t  

t empera tu re   an  e f f e c t i v e   s t imulus  can  a lso  be  provided  if  t empera -  

ture  is  only  r a i s e d   or  lowered  in  r e l a t i o n   to  body  t e m p e r a t u r e .  

Since  some  means  for  measuring  the  s t imulus   is  usua l ly   r e q u i r e d  

the  t h e r m i s t o r   10  may  be  r e t a ined   if  a  thermal   s t imulus   is  u s e d ,  

but  the  t h e r m i s t o r   is  p o s i t i o n e d   ad j acen t   to  the  s t i m u l a t i o n  

means.  Other  forms  of  s t i m u l a t i o n   have  a l ready  been  men t ioned .  

The  s t i m u l a t i o n   frequency  is  c o n t r o l l e d   by  a  c o n t r o l  

c i r c u i t   12  which  inc ludes   a  low  frequency  o s c i l l a t o r .   Th i s  

o s c i l l a t o r   is  connected  e i t h e r   to  the  f l a s h i n g   l i g h t s   6  and  7  and 



the  audib le   alarm  8  or  to  the  automatic   s t i m u l a t i o n   device  9,  when 

u s e d .  

A  p h o t o e l e c t r i c   p le thysmograph  13  is  connected  to  the  d i s t a l  

phalanx  of  the  f o r e f i n g e r   of  the  other  hand  to  measure  blood  f low 

but  c l e a r l y   other   blood  flow  devices  such  as  meters  based  on  t h e  

Doppler  e f f e c t   may  be  used.  The  plethysmograph  and  the  t h e r m i s t o r  

are  connected  in  c i r c u i t s   25  and  21  (see  Figure  6)  which  p r o v i d e  

output  s i gna l s   r e p r e s e n t a t i v e   of  blood  flow  and  t e m p e r a t u r e ,  

r e s p e c t i v e l y .   Since  such  c i r c u i t s   are  known  they  are  n o t  

desc r ibed   here .   The  ou tpu ts   from  the  p le thysmograph  and  t h e  

t h e r m i s t o r   c i r c u i t s   are  appl ied   to  a  f requency  a n a l y s i s   c i r c u i t   14 

which  c a r r i e s   out  a  f a s t   Four ie r   t ransform  (FFT)  on  the  s i g n a l  

rece ived   to  provide  a  f requency  spectrum  of  the  type  shown  i n  

Figure  2  where  the  s t imulus   is  shown  by  a  dashed  l ine   and  t h e  

response   by  a  so l id   l i n e .   The  output  of  the  c i r c u i t   14  i s  

connected  to  a  p r o c e s s o r   c i r c u i t   15. 

The  f requency  a n a l y s i s   c i r c u i t   may  comprise  an  analogue  t o  

d i g i t a l   c o n v e r t e r ,   an  FFT  i n t e g r a t e d   c i r c u i t   and  any  a s s o c i a t e d  

i n t e g r a t e d   c i r c u i t s   r e q u i r e d   as  i n d i c a t e d ,   for  example,  by  t h e  

data  suppl ied   by  the  manufac tu re r   of  the  FFT  c i r c u i t .  

An  a l t e r n a t i v e   f requency  ana lyser   c i r c u i t   is  shown  i n  

Figure  6.  The  p le thysmograph  output  c i r c u i t   25  is  connected  by 

way  of  an  a .c .   coupl ing   c a p a c i t o r   26  to  a  band  pass  f i l t e r   27  and  

a  band  stop  f i l t e r   28.  Both  of  these  f i l t e r s   have  v a r i a b l e   p a s s  
and  stop  bands  c o n t r o l l e d   by  a  cont ro l   c i r c u i t   29  so  that   t h e  

pass  band  of  the  f i l t e r   27  can  be  s e l e c t e d   to  be  cen tered   on  0.0125  Hz 

or  0.0166  Hz  in  dependence  on  which  s t imulus   f requency  is  c u r r e n t l y  

in  use,  and  s i m i l a r l y   the  stop  band  of  the  f i l t e r   28  is  s e l e c t e d  

to  be  centered   on  the  same  one  of  these  f r e q u e n c i e s   as  the  f i l t e r   27.  

Thus  the  f i l t e r   27  s e l e c t s   f r equenc ie s   in  a  narrow  band  around  t h e  

s t imulus   f requency ,   and  the  s p e c t r a l   power  at  these   f r equenc i e s   i s  

determined  by  means  of  an  RMS  de t ec to r   31  which  may  comprise  a  

commercial ly  a v a i l a b l e   i n t e g r a t e d   c i r c u i t .   Another  RMS  d e t e c t o r   32 

d e t e c t s   s p e c t r a l   power  over  the  whole  f requency  spectrum  of  i n t e r e s t ,  

for  example  from  .02  Hz  to  0.12  Hz  except  at  f r e q u e n c i e s   in  t h e  

narrow  band  cen te red   on  the  s t imulus   f requency .   An  i n d i c a t i o n  



s i m i l a r   to  the  BWEF  is  obta ined  by  d iv id ing   the  s igna l   from  the  

d e t e c t o r   31  by  that   from  the  d e t e c t o r   32  in  an  analogue  d i v i s i o n  

c i r c u i t   33,  the  output  of  which  is  appl ied   by  way  of  a  sample  and 

hold  c i r c u i t   23  to  the  p rocesso r   15. 

The  output  obta ined  in  th i s   way  is  the  MBWEF  but  if  it  i t  

r equ i red   to  find  the  BWEF  as  def ined  above,  the  f i l t e r   28  may  be 

rep laced   by  band  pass  f i l t e r   cover ing  the  whole  of  the  f r e q u e n c y  

range  of  i n t e r e s t ,   or  a l t e r n a t i v e l y ,   where  s i g n a l s   ou t s ide   t h i s  

range  n a t u r a l l y   have  small  ampl i tudes ,   the  f i l t e r   28  may  be 

o m i t t e d .  

A  c i r c u i t   22  i d e n t i c a l   to  tha t   wi th in   the  dashed  l ine  19 

is  connected  between  the  t h e r m i s t o r   output  c i r c u i t   21  and  t h e  

p roces so r   15  to  allow  the  MBWEF  of  the  s t imulus   to  be  found .  

In  order  to  de tec t   the  and  of  the  f e r t i l e   per iod  in  a  way 
which  is  expla ined  below  the  s igna l   at  the  output  of  the  p l e t h y s -  

mograph  c i r c u i t   25  is  taken  to  a  f u r t h e r   RMS  d e t e c t o r   34  w i t h  

output   connected  by  way  of  a  sample  and  hold  c i r c u i t   24  to  t h e  

p roces so r   15.  

The  p rocessor   c i r c u i t   15  is  usua l ly   a  m i c r o p r o c e s s o r  

i n t e g r a t e d   c i r c u i t ,   and  c a l c u l a t e s   the  BWEF  for  both  the  b lood  

flow  response  and  for  the  s t imulus   if  the  ana lyse r   14  c a r r i e s   ou t  

an  FFT  only.  The  BWEF  is  i l l u s t r a t e d   in  Figure  3  and  as  ment ioned  

above  is  obtained  by  d iv id ing   the  area  in  the  shaded  por t ion   by 

the  complete  area  in  a  p rede te rmined   range  of  f r e q u e n c i e s   which  i n  

th i s   example  is  taken  as  0.02  Hz  to  0.12  Hz.  Where  requi red   t h e  

"gain"  at  the  s t i m u l a t i o n   frequency  is  c a l c u l a t e d   by  the  p rocessor   15 

by  d iv id ing   the  BWEF  for  the  blood  flow  response  by  the  BWEF  f o r  

the  s t i m u l u s .  

The  p rocessor   15  is  p r e f e r a b l y   c o n s t r u c t e d   to  s tore   the  g a i n  

values  obtained  s e q u e n t i a l l y   and  determine  the  r e f e r e n c e   g a i n s  

mentioned  above.  In  a d d i t i o n   the  p rocesso r   compares  the  summated 

gains  for  each  day  with  the  r e f e r e n c e   gains  and  provides   an  i n d i c a -  

t ion  when  ovu la t ion   is  about  to  o c c u r .  

The  type  of  response  16  which  is  obtained  at  var ious   f r e q u e n -  

cies  is  shown  in  Figure  4.  Figure  5  i l l u s t r a t e s   thermal  e n t r a i n m e n t  

in  a  way  which  can  be  a p p r e c i a t e d   to  some  extent   by  study  of  b lood  



flow  r e c o r d i n g s .   Figure  5a  shows  the  hot  and  cold  s t imulus   w h i l e  

Figure  5b  shows  a  t y p i c a l   example  of  blood  flow  obta ined  on  a 

"normal"  day,  in  th i s   case  day  nine  a f t e r   the  s t a r t   of  m e n s t r u a -  

t ion .   This  flow  has  components  at  s e v e r a l   o ther   f r equenc i e s   i n  

a d d i t i o n   to  the  component  at  the  s t i m u l a t i o n   f requency .   Dur ing  

the  per iod  around  ovu la t i on   blood  flows  of  the  type  shown  i n  

Figure  5c,  d  and  e  (days  14,  15  and  16  a f t e r   m e n s t r u a t i o n ,  

r e s p e c t i v e l y )   are  obta ined  which  on  a n a l y s i s   can  be  shown  t o  

e x h i b i t   a  changing  component  at  the  s t i m u l a t i o n   f r e q u e n c y .  

Ovula t ion  is  thought  to  have  occurred   a f t e r   waveform  5d  and  b e f o r e  

waveform  5e.  In  Figures   5b  to  5e  flow  ampl i tude   in  a r b i t r a r y  

un i t s   ( v e r t i c a l   axis)   is  p l o t t e d   a g a i n s t   time  ( h o r i z o n t a l   a x i s ) .  

A  d i sp lay   18  may  be  used  to  provide  e i t h e r   an  i n d i c a t i o n   o f  

the  gain  f i gu re   c a l c u l a t e d   or,  where  the  p r o c e s s o r   15  is  in  a  

simple  form,  t h e  g a i n   f igure   can  be  t h r e s h o l d e d   to  give  i n d i c a t i o n  

of  whether  or  not  ovu la t i on   is  imminent  or  has  jus t   occur red .   The 

var ious   values   determined  by  the  p r o c e s s o r   15  in  i t s   more  comple t e  

form  may  also  be  d i sp l ayed ,   for  example,  on  demand.  Where  t h e  

gain  f i gu re   is  given  i t   p rovides   an  i n d i c a t i o n   of  o e s t r o g e n ,  

p r o g e s t e r o n e   and  some  other  hormone  l e v e l s .  

The  p r o c e s s o r   15  may  carry   out  a  s impler   form  of  a n a l y s i s  

than  tha t   in  which  BWEF  and  "gain"   are  c a l c u l a t e d .   The  "gain"  i s  

not  an  e s s e n t i a l   step  in  p rov id ing   the  r equ i r ed   i n d i c a t i o n s ,   b u t  

does  provide  a  usefu l   con t ro l   because  it   ensures   that   the  b l o o d  

flow  response   measured  r e l a t e s   to  the  s t i m u l u s .   In  the  s i m p l e r  

process  which  is  now  d e s c r i b e d ,   l i m i t s   are  formed  which  are  b a s e d  

on  cu r ren t   and  cumulat ive  values   of  s i g n a l s   r ece ived   from  t h e  

frequency  a n a l y s e r ,   and  are  t h e r e f o r e   r e p r e s e n t a t i v e   of  BWEF  f o r  

blood  flow  response .   The  p r o c e s s o r   is  again  in  the  form  of  a  

mic rop roces so r   i n t e g r a t e d   c i r c u i t   t o g e t h e r   with  any  a n c i l l a r y  

i n t e g r a t e d   c i r c u i t s   as  r equ i r ed   by  the  m a n u f a c t u r e r ' s   data  and  t h e  

a lgor i thm  given  below.  BWEF  values   for  blood  flow  only  are  u s e d .  

Re fe r r i ng   to  Figure  7,  when  an  output  BWEF  value  is  o b t a i n e d  

from  the  frequency  ana lyse r   14  the  value  count  is  i n c r e m e n t e d .  

This  count  is  r e se t   on  the  f i r s t   day  of  m e n s t r u a t i o n ,   unless   i t   i s  

r equ i red   to  provide  i n d i c a t i o n s   based  on  s eve ra l   menst rual   c y c l e s .  



Each  BWEF  value  f requency  is  taken  da i l y .   In  an  ope ra t ion   36  a 

cumulative  sum  o f  t h e   values  is  kept  and  the  mean  of  th is   sum  i s  

found  in  o p e r a t i o n   37.  In  add i t i on ,   an  o p e r a t i o n   38  is  c a r r i e d  

out  to  find  the  cumula t ive   sum  of  the  square  of  the  sample  v a l u e s ,  

and  then  a  t e s t   39  is  made  to  determine  whether  at  l e a s t   t h r e e  

values  have  been  taken;   if  not  no  i n d i c a t i o n   of  ovu la t ion   can  be 

given  and  a  route   to  the  end  of  the  a l g o r i t h m   is  taken.  If  t h r e e  

values  have  been  taken  then  an  ope ra t i on   46  forms  the  s t a n d a r d  

dev i a t i on   (S.D)  accord ing   to  the  e x p r e s s i o n .  

where x  is  the  BWEF  v a l u e ,  x   is  the  mean  of  the  BWEF  values  b a s e d  

on  the  cumulat ive  sum  and  n  is  the  value  c o u n t .  

In  order  to  form  a  th rehold   value  in  r e l a t i o n   to  the  mean 

which  must  be  exceeded  before  an  i n d i c a t i o n   of  ovu la t i on   is  g i v e n  

even  when  only  small  v a r i a t i o n s   in  BWEF  va lues   have  occurred,   a  

t h re sho ld   v a r i a b l e  T   is  set  to  10%  of  the  mean x  of  the  BWEF 

values  ( o p e r a t i o n   41).  If  the  S.D  is  g r e a t e r   than  x   then  i t s  

value  is  used  to  o v e r r i d e  x   and  T  is  set  to  S.D  in  an  ope ra t i on   42.  

Upper  and  lower  l im i t s   are  found  in  o p e r a t i o n s   43  and  44  and 

equa l  x  +   T.D  and  X -  T.D,  r e s p e c t i v e l y .  A   t e s t   45  is  next  c a r r i e d  

out  and  if  the  cu r r en t   BWEF  value  is  g r e a t e r   than  the  upper  l i m i t ,  

an  i n d i c a t i o n   of  the  onset  of  ovu la t ion   is  given  in  an  o p e r a t i o n   46 ,  

while  if  the  cu r r en t   value  is  lower  than  the  lower  l imi t   as  i n d i c a t e d  

by  a  t e s t   47  an  i n d i c a t i o n   confirming  the  r e l e a s e   of  the  ovum  i s  

given  in  an  o p e r a t i o n   48.  

Where  the  arrangement   of  F igure  6   is  used,  the  RMS  v a l u e s  

from  the  d e t e c t o r   are  processed  by  the  p r o c e s s o r   15  according  t o  

the  a lgor i thm  of  Figure  8.  As  each  value  is  obta ined  a  c u m u l a t i v e  

sum  W  is  formed  in  an  opera t ion   50  and  then  the  mean i s  

found  (ope ra t ion   51).  A  t e s t   52  determines   whether  W  is  g r e a t e r  

than  a  r e f e rence   value  fixed  by  previous  c a l c u l a t i o n   to  be  about  80% 

of  the  maximum  value  usua l ly   obtained  by  W.  If  th is   t e s t   i s  



p o s i t i v e   an  i n d i c a t i o n   of  the  end  of  the  f e r t i l e   i n t e r v a l   is  g i v e n  

( o p e r a t i o n   53).  However  th i s   i n d i c a t i o n   is  only  va l id   if  f o u r  

days  have  e lapsed  since  the  r e l e a s e   of  the  ovum. 
The  a lgo r i t hm  of  Figure  7  may  be  used  with  MBWEF  or  " g a i n "  

values  r a t h e r   than  BWEF  va lues   if  r e q u i r e d ,   or  the  sum  of  two  o r  

more  va lues   at  each  of  two  s t i m u l a t i o n   f r e q u e n c i e s .  

Oes t rogen   l eve l s   a f t e r   m e n s t r u a t i o n   have  a  gene ra l l y   r i s i n g  

trend  o f t en   with  some  minor  peaks  and  jus t   before  o v u l a t i o n   a 

major  peak  is  u sua l ly   reached  a f t e r   which  the  l eve l   f a l l s   to  a  

f a i r l y   s t eady   r e l a t i v e l y   l o w - l e v e l .   L u t e i n i z i n g   hormone  (LH)  and 

r e l e a s e   f o l l i c l e   s t i m u l a t i n g   hormone  (FSH)  u sa l ly   each  have  a  

surge  commencing  jus t   before   o v u l a t i o n .  

The  l e v e l s   and  change  in  l e v e l s   of  these  hormones  a r e  

be l ieved   to  have  a  temporary  e f f e c t   on  the  size  of  the  p e r i p h e r a l  

blood  v e s s e l s   and  so  i n d i r e c t l y   e f f e c t   the  BWEFs,  MBWEFs  and 

"gains"  mentioned  above.  The  p rocedures   for  comparing  BWEFs, 

MBWEFs  and  "ga ins"   are  thus  thought   to  de tec t   the  above  men t ioned  

leve ls   and  so  i n d i c a t e   the  f e r t i l e   pe r iod .   At  about  the  time  t h e  

major  peak  in  the  oes t rogen   l e v e l s   occurs ,   the  p r o g e s t e r o n e   l e v e l  

s t a r t s   a  g radual   r i se   due  to  i t s   r e l e a s e   by  the  corpus  l u t e u m .  

P r o g e s t e r o n e   is  be l ieved   to  be  a  smooth  muscle  r e l axan t   which  

a f f e c t s   the  c apac i t y   of  the  blood  v e s s e l s .   This  change  in  c a p a c i -  

tance  is  r e f l e c t e d   in  the  output   of  the  d e t e c t o r   34  which  when  i t  

reaches  a  c e r t a i n   level   is  an  i n d i c a t i o n   tha t   the  f e r t i l e   p e r i o d  

has  e n d e d .  

In  a l t e r n a t i v e   a r rangements ,   the  con t ro l   c i r c u i t   12,  t h e  

frequency  a n a l y s i s   c i r c u i t   14  and  the  p rocessor   15  may  be  p r o v i d e d  

by  a  s i ng l e   m i c r o p r o c e s s o r .   The  va r ious   c i r c u i t s   of  Figure  1  may 

be  housed  in  a  s ing le   small  c o n t a i n e r   with  f ly ing   leads  to  a  

s t i m u l a t o r   and  t h e r m i s t o r ,   and  to  a  p le thysmograph.   In  a n o t h e r  

arrangement   automat ic   s t i m u l a t i o n   and  blood  flow  measurement  may 

be  c a r r i e d   out  in  the  same  region  of  the  body  so  tha t   a  s m a l l  

device  may,  for  example,  be  s t r apped   to  the  wrist   of  a  sub jec t   and  

both  s t i m u l a t i o n   and  blood  flow  measurment  c a r r i ed   out  from  t h e  

back  of  the  device  ad jacen t   to  the  w r i s t .   The  o p t i c a l   t r a n s m i t t e r  



and  r ece ive r   of  the  plethysmograph  are  loca ted   in  the  back  of  t h e  

device  and  a  po r t i on   of  the  back  is  heated  and/or  cooled  to  p r o v i d e  

s t i m u l a t i o n .  

In  a  simple  form  the  invent ion   can  be  put  into  e f f e c t   by 

using  a  blood  flow  meter  55  (see  Figure  9)  for  sensing  p e r i p h e r a l  

blood  f l o w ,  a   m i c r o p r o c e s s o r   56,  an  e l e c t r i c a l   waveform  s tore   57 

and  a  d i sp lay   58  to  show  v a r i a t i o n s   in  blood  flow  without  p r o v i d i n g  

any  e x t e r n a l   s t i m u l u s .   For  example  the  small  o s c i l l a t i o n s   20  i n  

Figure  5c  and  c o r r e s p o n d i n g   o s c i l l a t i o n s   in  the  same  f i g u r e ,   and 

in  Figures  5b,  5d  and  5e  are  at  the  hear t   ra te   f requency.   It  can  

be  seen  from  Figures   5c,  5d,  and  5e,  r e l a t i n g   to  the  i n t e r v a l   o f  

o v u l a t i o n ,   that   i t   may  be  poss ib le   to  de t ec t   ovu la t ion   when  t h e  

amplitude  of  these  o s c i l l a t i o n s   shows  a  s i g n i f i c a n t   change.  Hence 

i t   may  be  p o s s i b l e   to  de tec t   ovu la t ion   by  comparing  d i sp lays   of  a 

s tored  waveform  with  a  cu r ren t   waveform.  The  frequency  content   o f  

these  o s c i l l a t i o n s   also  changes  at  th is   time.  The  m i c r o p r o c e s s o r   56 

then  s to re s   one  or  more  waveforms  obta ined  before  o v u l a t i o n   and 

con t ro l s   the  d i sp l ay   of  at  l eas t   one  of  these  waveforms  t o g e t h e r  

with  the  cu r r en t   waveform  for  comparison  purposes .   Ins tead  o f  

d i s p l a y i n g   these  waveforms  the  p rocessor   56  may  determine  t h e  

amplitude  or  the  f requency  spectrum  of  these  o s c i l l a t i o n s ,   and  i f  

r equ i red   record  and  compare  them.  An  a p p r o p r i a t e   d isp lay   is  t h e n  

g i v e n .  

The  p roce s so r   15  may  a l t e r n a t i v e l y   be  employed  for  c a l c u -  

l a t ing   the  BWEF  or  MBWEF  at  the  hear t   r a t e   f requency,   o p t i o n a l l y  

for  c a l c u l a t i n g   gain,   using  the  c a l c u l a t e d   BWEF  or  MBWEF  and  a  

BWEF  or  MBWEF  over  a  f requency  range  which  inc ludes   the  hear t   r a t e  

f requency,   and  for  s t o r i n g   and  comparing  gain,   or  BWEF  or  MBWEF 

v a l u e s .  

The  above  mentioned  changes  can  be  enhanced  by  the  a p p l i c a -  

t ion  of  an  e x t e r n a l   s t imulus   and  hence  o v u l a t i o n   can  be  d e t e c t e d  

by  comparing  waveforms,  ampli tudes  or  f requency  content   of  t h e  

r e s u l t i n g   v a r i a t i o n s   on  d i f f e r e n t   days.  The  inven t ion   t h e r e f o r e  

includes   appa ra tus   for  th is   purpose.  Again  i t   can  be  seen  from 

Figure  5  that   ampl i tude   and  frequency  conten t   change  over  t h e  

i n t e r v a l   of  o v u l a t i o n .   For  th is   purpose  the  appara tus   shou ld  



inc lude   means  for  use  in  causing  the  s t imulus   to  be  app l i ed ,   f o r  

example  f l a s h i n g   l i g h t s   and  an  aud ib le   i n d i c a t o r ,   or  means  f o r  

applying  a  s t imulus ,   and  a  simple  form  of  the  appara tus   s t o r e s  

waveforms  or  parameters   r e l a t e d   to  v a r i a t i o n s   in  the  waveforms  a t  

the  s t i m u l a t i o n   frequency  for  comparison  on  d i f f e r e n t   d a y s .  

While  some  s p e c i f i c   embodiments  of  the  i nven t ion   have  b e e n  

desc r ibed   it  wi l l   be  a p p r e c i a t e d   that   the  i nven t ion   can  be  p u t  

into  p r a c t i c e   in  many  other   ways,  for  example  the  s p e c i f i c   embodi-  

ments  can  be  appl ied   to  e s t i m a t i n g   oes t rogen   and  p r o g e s t e r o n e  

l e v e l s .   The  appara tus   of  Figures   1  and  6  may  be  used  for  t h i s  

purpose,   the  BWEF  or  MBWEF  value  being  taken  as  an  i n d i c a t i o n   o f  

combined  oes t rogen ,   LH  and  FSH  l eve l s   (or  i n d i v i d u a l l y   if  c o r r e -  

la ted   with  the  f e r t i l e   cyc l e ) ,   while  the  output  from  the  d e t e c t o r   34 

gives  an  i n d i c a t i o n   of  p r o g e s t e r o n e   l e v e l .  

Where  another   p h y s i o l o g i c a l   parameter   is  used  i n s t ead   of  

blood  flow  an  a p p r o p r i a t e   sensor  such  as  a  blood  p r e s su re   t r a n s -  

ducer,   an  e l e c t r o c a r d i o g r a p h ,   or  an  e l e c t r i c a l   a c t i v i t y   t r a n s d u c e r  

are  used.  The  a p p l i c a t i o n   of  the  outputs   of  these  t r a n s d u c e r s  

wi l l   be  apparent   from  the  fo regoing   d e s c r i p t i o n .  

Other  s t imulus   moni tors ,   such  as  the rmocouples ,   may  be  used  

i n s t ead   of  t h e r m i s t o r s .  



1.  A  method  of  d e t e c t i n g   the  onset  and/or   the  end  of  the  f e r t i l e  

per iod  of  female  mammals  compris ing  ob t a in ing   at  i n t e r v a l s   i n d i c a -  

t i ons   of  v a r i a t i o n s   in  a  p h y s i o l o g i c a l   parameter   of  the  body  of  a 

sub jec t   which  occur  at  a  ra te   of,  or  a  ra te   r e l a t e d   to,  a  p r e d e t e r -  

mined  varying  s t i m u l u s ,   the  parameter   being  one  which  is  e n t r a i n e d  

by  the  s t i m u l u s ,   c h a r a c t e r i s e d   by  comparing  at  l e a s t   one  of  t h e  

said  i n d i c a t i o n s   with  p rev ious   said  i n d i c a t i o n s ,   or  a  measure  

r e l a t e d   t h e r e t o ,   ob ta ined   in  a  p r e - o v u l a t i o n   i n t e r v a l   between  t h e  

s t a r t   of  m e n s t r u a t i o n   and  o v u l a t i o n   at  i n t e r v a l s   of  at  l e a s t  

s eve ra l   h o u r s .  

2.  A  method  accord ing   to  Claim  1  c h a r a c t e r i s e d   in  tha t   t h e  

p h y s i o l o g i c a l   parameter   is  blood  f l o w .  

3.  A  method  accord ing   to  Claim  1  or  2  for  use  in  r e l a t i o n   t o  

women  c h a r a c t e r i s e d   in  tha t   the  said  i n d i c a t i o n s   are  ob ta ined   a t  

i n t e r v a l s   of  not  more  than  48  hours  and  the  said  p rev ious   i n d i c a -  

t ions   are  ob ta ined   at  i n t e r v a l s   of  not  less   than  8  h o u r s .  

4.  A  method  accord ing   to  Claim  1,  2  or  3  i nc lud ing   causing  a  

cyc l i c   s t imulus   to  be  app l i ed   which  causes  changes  in  the  s a i d  

parameter   to  occur  in  the  s u b j e c t ' s   body,  c h a r a c t e r i s e d   in  t h a t  

the  i n d i c a t i o n s   ob ta ined   are  r e l a t e d   to  v a r i a t i o n s   in  the  s a i d  

parameter   at  the  f requency  of  the  s t imu lus ,   or  a  harmonic  or  a  

sub-harmonic  t h e r e o f .  

5.  A  method  according   to  Claim  2,  or  Claim  3  or  4  i n s o f a r   a s  

dependent  on  Claim  2  c h a r a c t e r i s e d   in  that   the  s t imulus   f r e q u e n c y  

is  in  the  range  ex tending   from  0.005  Hz  to  2  Hz. 

6.  A  method  accord ing   to  Claim  2,  or  Claim  3,  4  or  5  i n s o f a r   a s  

dependent  on  Claim  2  c h a r a c t e r i s e d   in  that   the  said  i n d i c a t i o n s  

are  i n d i c a t i o n s   of  v a r i a t i o n s   in  p e r i p h e r a l   blood  f l o w .  

7.  Apparatus  for  use  in  a  method  accord ing   to  any  p r e c e d i n g  

c l a i m .  

8.  Apparatus  for  d e t e c t i n g   the  onset  and/or  the  end  o f  t h e  

f e r t i l e   period  of  female  mammals  comprising  means  for  p r o v i d i n g  

a  s igna l   r e p r e s e n t a t i v e   of  v a r i a t i o n s   in  a  p h y s i o l o g i c a l   p a r a m e t e r  

of  the  body  of  a  sub jec t   at  a  ra te   of,  or  a  ra te   r e l a t e d   to,   v a r i a -  

t ions   in  a  p rede te rmined   s t imu lus ,   the  parameter   being  one  which 



is  en t r a ined   by  the  s t imulus ,   c h a r a c t e r i s e d   by  the  i nc lu s ion   of 

means  for  s t o r i n g   the  said  s i g n a l s   wi th in   the  appa ra tus   for  a t  

l eas t   several   hours,   and  means  for  a l lowing   comparison  of  t h e  

s tored  s i gna l s   to  determine  any  d i f f e r e n c e s   s i g n i f i c a n t   i n  

r e l a t i o n   to  the  f e r t i l e   period  to  be  d e t e c t e d .  

9.  Apparatus  according  to  Claim  8  c h a r a c t e r i s e d   by  the  i n c l u s i o n  

of  i n d i c a t o r   means  for  de te rmin ing   a  f u r t h e r   parameter   from  t h e  

said  s ignal   giving  an  i n d i c a t i o n   of  the  magnitude  of  any  component 
of  the  said  s igna l   at  the  ra te   of,  or  a  r a t e   r e l a t e d   to,  v a r i a t i o n s  

in  the  s t i m u l u s .  

10.  Apparatus  for  d e t e c t i n g   the  onset  and/or   end  of  the  f e r t i l e  

period  of  female  mammals,  compris ing  means  for  p rov id ing   a  s i g n a l  

r e p r e s e n t a t i v e   of  v a r i a t i o n s   in  a  p h y s i o l o g i c a l   parameter   of  t h e  

body  of  a  sub jec t   which  is  e n t r a i n e d   by  a  p r ede t e rmined   v a r y i n g  

s t imulus ,   c h a r a c t e r i s e d   by  the  i n c l u s i o n   of  i n d i c a t o r   means  f o r  

de termining   a  f u r t h e r   parameter   giving  an  i n d i c a t i o n   of,  t h e  

magnitude  of  any  component  of  the  said  s i g n a l   at  the  ra te   of,  o r  

at  a  rate   r e l a t e d   to,  v a r i a t i o n s   in  the  s t i m u l u s .  

11.  Apparatus  according  to  any  of  Claims  8  to  10  c h a r a c t e r i s e d   i n  

that   the  p h y s i o l o g i c a l   parameter   is  blood  f l o w .  

12.  Apparatus  according  to  Claim  11  c h a r a c t e r i s e d   in  that  t h e  

means  for  p rov id ing   a  s igna l   r e p r e s e n t a t i v e   of  blood  flow  i s  

cons t ruc t ed   or  arranged  to  provide  a  s i gna l   r e p r e s e n t a t i v e   of  

p e r i p h e r a l   blood  f l o w .  

13.  Apparatus  according   to  any  of  Claims  8  to  12  c h a r a c t e r i s e d   by 

the  i n c l u s i o n   of  s t imulus   means  for  causing  a  s t imulus   of  a  t y p e  
which  causes  changes  in  the  p h y s i o l o g i c a l   parameter   to  occur  i n  

the  body.  

14.  Apparatus  according  to  Claim  13  c h a r a c t e r i s e d   in  that   t h e  

s t imulus   means  app l i e s   a  s t imulus   a u t o m a t i c a l l y   to  the  body. 

15.  Apparatus  according  to  Claim  13  c h a r a c t e r i s e d   in  that  t h e  

s t imulus   means  gene ra te s   a  s igna l   which  i n d i c a t e s   when  a  s t i m u l u s  

should  be  app l ied   to  the  s u b j e c t ' s   body .  

16.  Apparatus  according  to  Claim  13,  14  or  15  i n s o f a r   a s  

dependent  on  Claim  11  c h a r a c t e r i s e d   in  tha t   the  s t imulus   means 

provides   a  s t i m u l a t i o n   period  of  60  seconds  and/or   80  s e c o n d s .  



17.  Apparatus   according  to  Claim  9  or  10,  or  any  of  Claims  12 

to  16  i n s o f a r   as  dependent  on  Claim  9  or  10  c h a r a c t e r i s e d   in  t h a t  

the  i n d i c a t o r   means  inc ludes   means  for  a u t o m a t i c a l l y   c a l c u l a t i n g   a 

l imi t   from  at  l eas t   two  previous   said  i n d i c a t i o n s .  

18.  Apparatus   according  to  Claim  17  c h a r a c t e r i s e d   by  the  i n c l u s i o n  

of  means  for  comparing  each  i n d i c a t i o n   with  the  s a i d  

l imi t   and  p rov id ing   an  output  s i g n a l   i n d i c a t i v e   of  the  r e s u l t .  

19.  Apparatus   according  to  Claim  17  or  18  c h a r a c t e r i s e d   in  t h a t  

the  i n d i c a t o r   means  c a l c u l a t e s   the  l imi t   by  de te rmin ing   t h e  

bandwidth  en t ra inment   f a c to r   (BWEF)  or  modified  bandwidth  e n t r a i n -  

ment  f a c t o r   (MBWEF)  for  the  blood  flow  response  at  the  s t i m u l a t i o n  

f requency ,   forming  the  mean  and  s t anda rd   d e v i a t i o n   of  a  p l u r a l i t y  

of  BWEFs  or  MBWEFs,  and  c a l c u l a t i n g   the  l imi t   as  the  mean  plus  o r  

minus  the  g r e a t e r   of  e i t h e r   a  t h r e s h o l d   value  or  the  s t a n d a r d  

d e v i a t i o n .  

20.  Apparatus   according  to  Claim  17  or  18  i nc lud ing   means  f o r  

moni to r ing   the  s t imulus   with  output   coupled  to  the  input   of  t h e  

i n d i c a t o r   means,  c h a r a c t e r i s e d   in  tha t   the  i n d i c a t o r   means 

c a l c u l a t e s   the  l imi t   by  de t e rmin ing   the  BWEFs  or  MBWEFs  for  t h e  

blood  flow  response  at  the  s t i m u l a t i o n   frequency  and  for  t h e  

s t i m u l u s ,   de te rmin ing   a  "gain"  by  d iv id ing   each  blood  flow  BWEF  o r  

MBWEF  by  a  s t imulus   BWEF  or  MBWEF  r e l e v a n t   to  approx imate ly   t h e  

same  time  pe r iod ,   forming  the  mean  and  s tandard   d e v i a t i o n   of  a  

p l u r a l i t y   of  "ga ins" ,   and  c a l c u l a t i n g   the  l imi t   as  the  mean  p l u s  

or  minus  the  g r e a t e r   of  e i t h e r   a  t h r e s h o l d   value  or  the  s t a n d a r d  

d e v i a t i o n .  

21.  Apparatus   according  to  Claim  9  or  10  or  any  of  Claims  12 

to  20  i n s o f a r   as  dependent  on  Claim  9  or  10  c h a r a c t e r i s e d   in  t h a t  

the  i n d i c a t o r   means  comprises  a  f requency  ana lyse r   with  o u t p u t  

coupled  to  a  p rocessor   c i r c u i t .  

22.  Apparatus   according  to  Claim  21  c h a r a c t e r i s e d   in  that   t h e  

f requency  ana ly se r   provides   an  i n d i c a t i o n   of  blood  flow  a m p l i t u d e s  

at  f r e q u e n c i e s   over  the  range  from  0.005  Hz  to  0.12  Hz. 

23.  Apparatus   according  to  Claim  21  or  22  c h a r a c t e r i s e d   in  t h a t  

the  f requency   ana lyse r   i nc ludes   means  for  ca r ry ing   out  a  f a s t  

Four ier   t r a n s f o r m .  



24.  Apparatus  accord ing   to  Claim  21  or  22  c h a r a c t e r i s e d   in  t h a t  

the  frequency  a n a l y s e r   inc ludes   a  f i r s t   f i l t e r   having  a  band  p a s s  

response  cent red   on  the  s t i m u l a t i o n   f r equency ,   a  second  f i l t e r  

pass ing   a  r e l a t i v e l y   wide  band  of  f r e q u e n c i e s   which  inc ludes   a t  

l e a s t   f r e q u e n c i e s   above  and  below  the  pass  band  of  the  f i r s t  

f i l t e r ,   f i r s t   and  second  RMS  c i r c u i t s   for  g e n e r a t i n g   s i g n a l s  

r e p r e s e n t a t i v e   of  the  root  mean  square  va lues   of  the  o u t p u t  

s igna l s   of  the  f i r s t   and  second  f i l t e r s ,   r e s p e c t i v e l y ,   and  means 

for  d iv id ing   the  va lue   r e p r e s e n t e d   by  the  output   s igna l   of  t h e  

f i r s t   RMS  c i r c u i t   by  that   r e p r e s e n t e d   by  the  output   s ignal   of  t h e  

second  RMS  c i r c u i t .  

25.  Apparatus  accord ing   to  any  of  Claims  8  to  24  c h a r a c t e r i s e d   by 

the  i n c l u s i o n   of  means  for  de r iv ing   a  s i g n a l   r e p r e s e n t a t i v e   of  t h e  

general   l eve l   of  blood  f l o w .  

26.  Apparatus  accord ing   to  Claim  25  c h a r a c t e r i s e d   in  that   s a i d  

general   level   is  der ived   by  means  of  an  RMS  c i r c u i t ,   and  t h e  

appara tus   also  comprises  means  for  comparing  the  output  of  t h e  

de t ec to r   c i r c u i t   with  a  r e f e r e n c e   v a l u e .  

27.  A  method  for  d e t e c t i n g   the  l eve l s   of  hormones  in  a  mammal 

comprising  observ ing   v a r i a t i o n s   in  a  p h y s i o l o g i c a l   parameter   o f  

the  body  of  a  sub j ec t   which  is  e n t r a i n e d   by  a  p rede termined   v a r y i n g  

s t imulus   and  p rov id ing   an  i n d i c a t i o n   of  the  genera l   level   of  t h e  

parameter   and/or   an  i n d i c a t i o n   of  the  magnitude  of  any  component 
of  the  said  s i g n a l   at  a  ra te   of,  or  a  r a t e   r e l a t e d   to,  v a r i a t i o n s  

in  the  p rede te rmined   s t imu lus ,   c h a r a c t e r i s e d   by  comparing  the  s a i d  

i n d i c a t i o n s   to  de t ec t   any  changes  s i g n i f i c a n t   in  r e l a t i o n   t o  

hormone  l e v e l .  

28.  Apparatus  for  d e t e c t i n g   the  l eve l s   of  hormones  in  a  mammal 

comprising  means  for  p rov id ing   a  s igna l   r e p r e s e n t a t i v e   of  v a r i a -  

t ions   in  a  p h y s i o l o g i c a l   parameter   of  the  body  of  a  subjec t   which  

is  en t r a ined   by  a  p rede te rmined   varying  s t i m u l u s ,   and  means  f o r  

provid ing   an  i n d i c a t i o n   of  the  magnitude  of  the  general   level   of  

the  said  s igna l   and/or   the  magnitude  of  any  component  of  the  s a i d  

s igna l   at  a  ra te   of,  or  at  a  ra te   r e l a t e d   to,  v a r i a t i o n s   in  t h e  

prede termined   s t i m u l u s ,   c h a r a c t e r i s e d   by  the  i n c l u s i o n   of  means 



for  s t o r i n g   the  said  i n d i c a t i o n s   wi th in   the  a p p a r a t u s ,   and  means 

for  p rov id ing   an  output   by  comparing  i n d i c a t i o n s   r e l a t i n g   t o  

d i f f e r e n t   t i m e s .  

29.  Apparatus  accord ing   to  any  of  Claims  7  to  26  and  Claim  28 

c h a r a c t e r i s e d   in  tha t   a  p l u r a l i t y   of  the  said  means  are  formed  by 

a  s ing le   m i c r o c o m p u t e r .  
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